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PROGRAM SUMMARY

Titleofprogram: BASES/SPRING No. of lines in combinedprogram and test deck: 2750

Cataloguenumber: AAFW Keywords: Multidimensional numerical integration, Monte
Carlo simulation,event generationandfour momentumvector

Program obtainablefrom: CPC ProgramLibrary, Queen’sUni- generation
versity of Belfast, N. Ireland (see application form in this
issue) Nature ofphysicalproblem

In high energyphysics experiments,it is necessaryto generate
Computerfor which theprogram is designedand otherson which eventsby the MonteCarlo methodfor theprocessesof interest
it is operable: FACOM, HITAC, IBM and others with a in order to know the detectionefficiencies. It is desirableto
FORTRAN77compiler havesucha programthat can generateeventsefficiently once

we havethedifferential crosssectionof anyprocess.It will be
Computer: FACOM-M382, HITAC-M280; Installation: Na- a very powerful tool for the high energyphysics experimenta-
tional Laboratory for High Energy Physics(KEK), Tsukuba, list.
Ibaraki,Japan

Methodofsolution

Operatingsystem:OSIV/F4 MSP (FACOM), VOS3 (HITAC) A pair of programpackagesBASESand SPRINGis developed
for solving such a problem. By BASES, the differential cross

Programminglanguageused:FORTRAN77 sectionis integratedanda probability distributionis produced.
By SPRING, four momentumvectorsof events aregenerated

High speedstoragerequired: 145 Kwords eachfor BASESand accordingto theprobability distributionmad~eby BASES.
SPRING

Typical running time
No. of bits in a word: 32 The running time dependsespeciallyon thecomplexity of the

functionprogramwhich gives thedifferential crosssectionfor
Peripheralsused: terminal or card readfor input, discandline theprocess.If we take the processe+e_—* (Z°)—‘ v~y as an
printer for output example,the integrationtakes 11 s and the generationrate is

4500 events/son the FACOM M382 computer.

OO1O-4655/86/$03.50© ElsevierSciencePublishersB.V.
(North-HollandPhysicsPublishingDivision)
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LONG WRITE-UP

A Monte Carlo eventgeneratordesignedto be lem. Roughlyspeaking,the methodis to construct
suitable for high energyparticle physics is devel- the generatingfunction by a histogramwith varia-
oped,by which eventsof any processeswith 10 ble bin size,which is determinedby the height of
variables in maximum are generatedefficiently. the differential crosssection.Generationproceeds
The programconsistsof two setsof packages,one with the following two steps:
is a numerical integration packageBASES pre- (a) By BASES, a probability distribution (gener-
paring a probability distribution and the other is ating function) is calculatedby integratingthe
aneventgenerationpackageSPRING.The central differential crosssectionover the phasespace
part of the paperdescribeshow to use the pro- andsavedin a file with parametersneededin
grampackagesin details, the next step.

(b) By SPRING, events are generatedby the
Monte Carlo method according to the above

1. Introduction distribution.
The numerical integration program package

In high energy physics, when we get physical BASES contains also several facilities, as de-
resultsfrom experimentalraw data,it is necessary scribed in section 4.3, which are helpful for the
to know detectionefficienciesfor the processesof user who wants to integratesingular functions.
interest.We generatemany events, consistingof Theintegrationmethodweadopt, is the algorithm
the four momentumvector of particlesproduced of VEGAS [1], devisedby Lepage,which has been
in thesespecific processesby the Monte Carlo provedto bevery useful for integrationof singular
method,passthem through a detectorsimulation functions appearing in the calculation of the
programto produceartificial rawdataandanalyze radiativeQED processes.
the databy the sameanalysisprogramas used for The next sectioncontainsa brief descriptionof
the realdata. the integrationmethod. In section 3 the genera-

For generationof Monte Carlo eventsthere is tion methodis presented.In sections4 and5, how
no generalmethod suitable for any process.It is to use theseprogrampackagesis explainedwith
alwaysnecessarybut not easy to find a method an example.
appropriateto the processbeing considered.For
example,efficient generationof events for radia- 2. Integrationmethodof BASES
tive Bhabha scatteringor that for two photon
processesis difficult, becausetheseprocesseshave We adopt the integration method of VEGAS.
many sharp peaks due to singularities in their Since a detailed description of the algorithm is
differential cross sections.To generateevents by given in ref. [1], we review it herebriefly.
the Monte Carlo method,we normally look for a For simplicity, we considerthe following one-
function, whosevalue is alwaysgreaterthan that dimensionalintegral asan example:
of the differential crosssection andwhosegener- ~ = dx (1)
ating function has an inversefunction. When we ./~
find fortunatelysuch a function, we can generate where the integrand f(x) must be non-negative
the events efficiently. The generationefficiency for the sakeof eventgeneration.
dependson the difference betweenvaluesof the We divide the integration volume (0, 1) into Ng
function and the differential cross section.When regions and each of them into m subregions.
we fail to find any such a function,we are forced Namely, the whole integrationvolume consistsof
to be satisfied with lower efficiency and waste Nd subregions,i.e.
much CPU time in somecases. Nd

A pair of program packages BASES and Nd = Ngm and ~ ~x1 = 1, (2)
SPRING has beendevelopedto solve this prob- 1=1
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where 1~x1representsthe size of the subregion j. tributed random points are chosen (i.e., in de-
Wedefinethe probabilitydensityp3 for the subre- termining S1). The information about the behav-
gion j as ior of f(x) obtainedin this first samplingis used

Nd to define a newdensityp1 which reducesa~in the
= 1 and ~ ~ = (3) next iterationof the estimationfor S2. After each

Nd ~x1 ‘ ‘ subsequentiteration, the densityp1 is again re-

fined for the next one.Namely, sizesof subregions
We sampleNpg points in each region to estimate ~x1 are adjustedafter eachiteraction.
the integral, such that the total numberof sam- In order to preparethe probabilitydistribution
pling 15 for the eventgeneration,the following procedure

— ~r t~r (4~ is taken:
call pg g~ ~. / (1) Grid definingstep

The estimatedvalueof the integral I is given by To determine the optimum density p1 (i.e.,

N N. sizes of subregions~ severaliterationsof
= ~ ~i f(x,) = 1 ~f(x,)Nd ~ the estimastionare performeduntil the esti-

‘~all i1 p1 Ncaii ,~ matederror givenby eq.(9) becomesless than
thespecifiedvalue or the numberof iterations

where the subregionj is that region which con- reachesits upperlimit or the fluctuation of the
tainsx,. The variancea

2 of the estimateS is given accuracybecomesless than 1%.
by (2) Accumulationstep

N

8 N~5 By usingthe grids optimizedby step(1), itera-

a
2 = ~ N ~ (F/(xk))2 tionsof the estimationarecarriedout until the

NgNp2g(Npg— 1) ~ estimatederror becomeslessthan the required
2 value or the numberof iterations reachesits

N~

8 given upperlimit. In this step the probability
— ~ F,(x,,~) , (6) distribution is calculated.

k = 1 (3) Resultingprobabilitydistribution is savedin a

where disc file.

F/(xk) ==f(xk) ~XINd (7)
3. Method of eventgeneration

and Xk E subregionj C region 1.
To obtain the final result of the integration, In the N dimensionalintegration, we have N

BASESmakesn estimastesof the integral (Sa}~.i’ independentvariables.Wedivide a regionspanned
eachof which is calculatedby the abovemethod, by eachvariableinto ~ regionsandeachof those
Thesen estimatesare combinedto give a cumula- Ng regionsinto m subregions.Therefore,the whole
tive estimateS: integration volume is divided into (N~)Nhyper-

cubesby a rectangulargrid of Ng subdivisions
I ~= a

2 ~ —~ (8) along each axis. A further subdivision defines a
a1 cia new grid m timesfiner on eachaxis andresultsin

and (Ngm)N sub-hypercubes.Eachhypercubehas mN
sub-hypercubes.

1 — ~!, i The probability distribution is prepared by

— ~‘ ‘. ) BASES. By this we meanthat both averageand
a a maximumvaluesof probabilities

where a,~is a varianceof the ath estimateSa.
F(x

1 x2 ... xN)In BASES,the densityp1, namelyL~x1,is mod- N

ified so as to minimizea~for eachiterationof the f(x x ... x )NN fl z~x (10)
estimation.In the first estimation,uniformly dis- 1’ 2’ ‘ N d =
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for eachhypercube,as well as samplingintervals value or the number of iterations reaches the
both for thehypercubeandthesub-hypercube,are specifiedmaximum,the integration is terminated.
savedin a disc file. In the grid defining step, if fluctuation of the

For generation,a hypercubeis chosenaccord- accuracybecomesless than 1%, the integration is
ing to the averageprobability and a point in a also terminated.The maximumiterationnumbers,
sub-hypercubein the hypercubeis sampledwith ITMX1 for the grid defining stepand ITMX2 for
the densityp~’F(x

1,..., xN) is calculatedat the the accumulationstep,canbe given by the userin
point and its value is comparedwith the maxi- the user initialization routine USERIN (default
mum value of probabilities Fmax = max numbersof ITMX1 and ITMX2 are 15 and 100,
[F(x1 xN)] of the hypercube. h1~ ~ is respectively).After terminationof the integration,
greaterthana uniform randomnumberbetween0 the rsults(e.g. integratedvalueandrequiredhisto-
and 1, then this trial is acceptedas a generated grams)are printedout.
event. If not, a new sub-hypercubeis sampledand Theintegrationstepmay taketime, for instance,
tried until it succeeds. when the integrandneedsa long computation.It

If the probability F(x1 xN) is almostuni- might happenthat a job is terminatedbefore
form in eachhypercube,the generationefficiency reachingthe abovenormal terminationdueto lack
is close to 100%. This is the reasonwhy we took of CPU time. To prevent this occurrence, the
VEGAS’s algorithmto optimize the size of subre- routinewatchesthe remainingCPU time andwhen
gion so as to makethe probabilityuniform. How- it is not enough for the next iteration, all tern-
ever, the actualprobability is not always uniform poraryinformation is storedon disc beforethejob
resulting in a long ioop of samplinga sub-hyper- is ended. The integration can be continued by
cubein somecase.To avoid this loop, SPRING submitting next job. We define an input flag
has a user controllable parameterdefining the IFLAG as follows:
maximum numberof trials for one eventgenera- . .IFLAG = 0: First trial of the grid defining step,
tion. If the numberof trials reachesthe specified

= 1: First trial of the accumulationstep,
maximum this loop is forced to terminateand a . .

= 2: Continuation of the grid definingnew hypercubeis sampledfor the next generation. ste
If this happensso many times in a job, however,

= 3: Continuation of the accumulation
generatedeventscannotreproducethe behaviorof ste
thedifferential crosssection.This situation occurs
when singularitiesof the differential crosssection At the beginningof an integrationjob, IFLAG
are not sensedappropriatelyin the grid defining = 0 shouldbe set. If thejob is terminateddueto
step. It is necessaryto submit BASES againwith lackof CPU time, the input flag for the next job is
moresamplingpoints, printed out. When the nextjob is submittedwith

this flag, the integrationis continuedfurther.The
flow of the integrationjob is shownin fig. 1.

4. Programpackage BASES
4.2. Program structure andits components

4.1. Flow of theintegration Job Program structureof the integration package

BASES is shown in fig. 2. The programcompo-
As mentionedin section2, the integrationcon- nentsof BASES, which concernusers,are briefly

sists of two steps,i.e., the grid defining step and describedin the following. An explanationof the
the accumulationstep. In the grid defining step, other componentsis given in appendix F. The
grids are optimized by several iterations of the routines marked by * * should be preparedby
estimate.After defining thegrid, the accumulation user.
step starts where iterations of the estimateare
carriedout with the fixed grids. For both steps,if MAIN routine **

the accuracyof the integrationreachesa required The main routine is usedjust for BASES to know
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If I~G=0 I~G= 1.2,3

I Initialization I Read previous results I
I CALL USERIN I I from disk file I

________ _________ yes _____ _____

Initialize BASES I + < IFLAG = 2 ? >

+ + >

BASES Samples NDIM I BASES samples NDIM I
random numbers I I random numbers I

I Compute Integrand I Compute integrand I

I Fill histograms I Fill histograms

_____ _____ No INo ____ ______

< End of iteration ?> + +---—< End of iteration ?>

Change Grid I

No _______ ________ _______ ________ NoAccording to the result I
+--< Enough CPU time ?> < Enough CPU time ?>----+

_____ ______ No No _____ ______

< Normal termination >-——-÷ +———< Normal termination > I

LPrint out result I + I Print out result I
Next flag 3

Next flag I or 2 Next flag 0

I _______ I
I save result into disk file I

End I
Fig. 1. Flow of theintegrationjob.

the nameof the mtegrandfunction programpre- common /BASE1/ and user’sfunction and to
paredby user. An exampleof the main routineis define histogramsby XHINIT andDHINIT.
shown in appendixA, where the name of the Comment:This routine is called by BSMAIN at
function programis FUNC. the beginningof the integrationjob.

SUBROUTINE USROUT **

SUBROUTINE BSMAIN (FUNC)
Purpose:To control the flow of programpackage Purpose:To print the result in the formatwritten

BASES accordingto the input flag IFLAG and by user.
Comment: This routine is called at the end of

to set default parameters.This is called by
accumulationstep,only when the print flag is

main program.
FUNC =: Nameof integrandfunction. set equalto zero.

FUNCTION DRN (IQ)
SUBROUTINE USERIN ** Purpose:To get doubleprecisionuniform random
Purpose: To initialize parametersin a labelled number.
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1 9 * 9 9 *9 9

MAIN Purpose:To initialize a histogram.
Comment: This routine should be called in

I USERIN, if a historgramis required.
+--- BSMAIN

ID =: Histogram identification number.I---
I---- BSUSRI XMIN =: Lower boundaryof the variable.
I I **********~***** XMAX =: Upperboundaryof the variable.

* I--- XHINIT * NBIN Numberof bins of the histogram(maxi-+——* USERIN *

* +--- DHINIT mum= 50).
TITLE =: Title of the histogram,which is a char-

I--- BSREAD acterstring up to 62 characters.
I +--- DR’JSET

+--- BASES
I--- BSINIT SUBROUTINE DHINIT (ID, XMIN, XMAX,

DF~SEf NXBIN, YMIN, YMAX, NYBIN, TITLE)
ESTIME

I ÷--- CL~Cl( Purpose:To initialize a scatterplot.I—--- BIIESEI’ Comment: This routine should be called in
I--- DF~4

USERIN, if a scatterplot is required.
I---~FXN (= FUNC ) * ID =: Scatterplot identification number.I * +——— XHFILL *

I ~ +--- DHFILL ~ XMIN =: Lower boundaryfor the horizontalaxis.
I *~**~***~** XMAX =: Upper boundary for the horizontal
I---- BHUPDT
I axis.
I---- BSGDEF NXBIN =: Numberof binsfor thehorizontal axis
÷--- BHPLG1~

xi~,pwr (maximum= 50).
I +-— XHIINGE YMIN =: Lower boundaryfor the vertical axis.
I I ÷---

I +—---- YMAX =: Upper boundaryfor the vertical axis.
DFIPLIJF NYBIN =: Numberof bins for the vertical axis

USROIJT (maximum= 50).
TITLE =: Title of the plot, which is a character

+—-- BS1RIT
DRNSAV string of up to 62 characters.

Fig. 2. Programstructureof BASES. The routinesmarkedby SUBROUTINEXHFILL (ID, X, FX)
* areto bepreparedby user. Purpose:To fill the IDth histogram.

Comment: This routine should be called in the
IQ =: Dummy argument. user function program. Before calling this

routine, the routine XHINIT shouldbe called
FUNCTION FUNC (X) ** with the sameID number.
Purpose:To calculatethe integrand. ID =: Histogramidentifcationnumber.
Comment:This function is preparedby user.Any X =: Variable.

name can be given to this function, but the FX =: Valueof the integrand.
namemustbe declaredin the main routineby
an external statement.If histogramsare re- SUBROUTINE DHFILL (ID, X, Y, FX)
quired, histogram-fillingroutinesXHFILL and Purpose:To fill the IDth scatterplot.
DHFILL shouldbe calledin this function pro- Comment: This routine should be called in the
gram. user function program. Before calling this

X =: Real * 8 dimensionalarray of the indepen- routine, the r9utine DHINIT shouldbe called
dent variables, with the same~ID number.

FUNC =: Resultantvalueof the integrand. ID Plot identIficationnumber.
X =: Variable for the horizontal axis.

SUBROUTINE XHINIT (ID, XMIN, XMAX, Y =: Variable for the vertical axis.
NBIN, TITLE) FX =: Valueof the integrand.
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NDIM
In order to preparethe routineUSERIN, it is Ncube= (Ng) � NOCUB( = 6000) <17000,

necessaryto know the contents of the labelled
commons/BASE1/ and/BASE2/. Someof these (11)
parametersfor BASES shouldbe set by userand Nd = Ngm� 50 and 2 � m � 25. (12)
transferredto the routineBASES.Thecontentsof
/BASE1/ and/BASE2/ are as follows: The numberNg is definedby the largestof those

which satisfy the aboverelations.Thenthe actual
COMMON/BASE1/XL(i0), Xu(10), NDIM, numberof total samplingpoints is
NOCUB, NTRIAL

COMMON/BASE2/ACC1,ACC2, ITMX1, Ncaii = (~)NDLMNTRIAL. (13)

ITMX2 The numbersNcube and are automatically
determinedaccording to NDIM and NOCUB.

XL( i): Lower boundaryof i th integrationvaria- Table 1 shows thesenumbers with the default
ble. value6000 of NOCUB varying NDIM from I to

XU(i): Upperboundaryof ith integrationvaria- 10. The only way to changethe numberof sam-
ble. pling points Ncai is to change NTRIAL. The

NDIM: Dimensionof the integration(up to 10). descriptionof the otherlabelledcommonsis given
NOCUB: Maximum number of hypercubes(de- in appendixF.

fault and maximum numbers are 6000 and
17000,respectively). 4.3. Useof bases

NTRIAL: Numberof samplingpointsper hyper-
cube(default is 2). We take the processe~e—* (Z°)—s viiy as an

ACCI: Required accuracyin the grid defining examplethrough this article. The physicalcondi-
step (defaultvalueis 0.2%). tions for the integrationare taken to be the same

ACC2: Required accuracyin the accumulation asthoseof ref. [2] (thee+ e— centerof massenergy
step (default valueis 0.01%). W= 105 GeVandthe polaranglecut for the final

ITMX1: Maximum number of iterations in the photon 165°> Oy> 15°), except for the energy
grid defining step(default numberis 15). thresholdof the photonEy> 1/W GeV.

ITMX2: Maximum numberof iterations in the
accumulationstep (defaultnumberis 100). 4.3.1. Preparationfor BASES

At leastXL(i), XU(i) andNDIM shouldbe given Before usingBASES usershouldprepareJCL,
in the routineUSERIN. mainprogram,userinitializationroutine USERIN

Thereare relationsamongthe dimensionof the andintegrandfunction.
integrationNDIM, numberof hypercubesNcube, JCL and Main programfor FACOM machine
numberof grids peraxis Ng andmaximum num- at KEK are shown in appendix A. In a file
berof hypercubesNOCUB. The relationsare BASES.LOAD, the load modulesof the BASES
Table I packageare stored.Input parametersare the loop
Relation amongNDIM, Ng, Nd and ~ control parametersLi and L2, print option flag_______________________________________ NPRINT, input flag IFLAG describedin section
NDIM N

8 Nd ~ 4.1 and CPU time limit CTIME (real numberin

1 25 50 25 unit of minute) of thejob. As describedin section
2 25 50 625 4.3.3, the loopparametersandprint flag for stan-
3 18 36 5832
4 8 48 4096 darduseare
5 5 50 3125 Li = L2 = 1 and NPRINT= 5. (15)
6 4 48 4096

7 3 48 2187 If the integrationis not finishedin this CPU time,
8 2 50 256
9 2 50 512 thejob is terminatedafter all informationis saved

10 2 50 1024 in a file @BASES.DATAof the unit number23.
An exampleof USERINis shownin appendix
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B, wherelabelledcommons/BASE1/, /BASE2/ (3) Histogramwhich shows convergencebehavior
and /KINEM/ are included. In the common of the integration.Its contentsare as follows:
/KINEM/, constantsnecessaryto calculatethe IT = Iterationnumber.
integrandfunction are stored.The upperhalf part Time = CurrentCPU time in seconds.
of this USERIN is used for setting common Eff. = Efficiency of the samplingpoints.
parametersand the lower half for initializing R—Neg = Percentageof sampling points at
BASES parametersandhistograms.ThoseBASES which the function is negative.
parameterswhich are not defined in this routine Result = Estimateof the integrationupto the
are set equal to relevant default values. In this currentiteration.
exampletwo histogramsand onescatterplot are St-Dev = Standarddeviation upto the current
defined, iteration.

Appendix C shows an exampleof integrand T-Res = Estimateof the currentiteration.
function FUNC. After calculating the function, T-Acc = Accuracy of the integration for the
histogramfilling routinesXHFILL and DHFILL currentiteration in percentage.
are called. It is noted that ID numbersof histo- Acc = Accuracy of the integrationupto the
gramsandscatterplots shouldcoincidewith those currentiteration in percentage.
of initialization calls. The lastvalueAcc is drawnin the histogram.

4.3.2. Outputfrom BASES (4) Histogramsdefinedby userIn our exampletwo histogramsare definedin
Output from the BASES is printed out on

USERIN. One of them is shown in the testpapersandsavedin a disc file. The former output
run output, wherehistogramwith “ * “ markconsistsof the following items:
is given in linear scale and that with “0”

(1) At the beginning of the job, job parameters markin logaritmic scale.
are printed out. (5) Scatterplot definedby user
* * * * * * * * * * * * * * * Our examplerequiresone scatterplot, shown
* Input Parametersfor this JOB * in the test run output. With this plot we can
* * easily seehow singularpoints are distributed
* CurrentLoopCount = I *

in the two dimensionalplane. To display the
* MaximumLoop Count= 1 *

* Print Flag = 5 * height of the distribution we divide relative
* JOB Input Flag = 0 * height in each two dimensionalbin into ten
* CPUTimeLimit = 2.000 * grades from 1 to 9 and *. If a bin has
* *

non-zeropositive valuebut less thangrade 1,
************** * we show this bin with “.“. If a bin has zero

Whenuser’sown parametersare printedout in value, thisbin is blank. If a bin hasa negative
USERIN, they appearbeforethis list. value, this bin is indicatedby “—“. It should

(2) Main parametersfor BASES are printedout, be noted that the negative value of the in-

* * * * * * * * * * * * * * * * * * * * * * tegrandistakeninto accountfor estimateof the
* Input Parametersfor BASES * integration. But for the event generation,the
* * negativevalueis not allowed.
* NDIM = 2 * (6) Print messageat thejob termination
* ITMX1 = 15 ITMX2 = 50 * If thejob is terminatedby theCPU timelimit,
* ACC1 = 0.200ACC2 = 0.500E-01 *

the following messageis given:
* NCALL = 3125 ND = 50 *

* NG = 25 *

* XL(1) = 0.250000E—01 * * * * * * * * CPU Time out * * * * * *

* XU(1) = 20.0000 * Next Loop Count = 1
* XL(2) = —0.965926 * Next Input Flag = 3
* XU(2) = 0.965926 *

* *

* * * * * * * ~ * * * * * * * * * * * * * * * When the nextjob is submittedwith the loop
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count 1 andtheinput flag 3, the integrationis example,if a valuex1 of an integrationvaria-
continuedfurther. ble x correspondsto two valuesYi and .Y2 of a
If the job is terminatedby convergenceof physicalvariable y, a histogramfor the varia-
integrationor by reachingthe maximum itera- ble y shouldbe filled by calling XHFILL two
tion number, the following messageis printed timesin the function program.An exampleis
out. the following: Let FNX(Y) be a function and

FUNC, the sum of Fl and F2, give the in-
* * * * * End of BASES Loop * * * * * * tegrand value. YJACBI and YJACB2 are

Max. Loop Count= 1 Jacobians.

Fl = FNX(Y1) * YJACB1
In eachof the grid definingstep or the accumu-

CALL XHFILL(ID, Yl, Fl)lation step, output of the abovesix items is ob-
tained.If thejob is terminatedwith flag 3, thenits F2 = FNX(Y2) * YJACB2
output consistsof two sets,one is from the grid CALL XHFILL(ID, Y2, F2)
definingstepandthe otherfrom the accumulation FUNC= Fl + F2
step.Thenextjob, submittedwith the input flag 3, (3) Loop option
gives only oneset. As an example,we takethe integrationof the

cross section for the processe~e—* (Z°)—~
4.3.3. Remarkson usingBASES

viy. When we want to know the CM energy
The numerical integration program package dependenceof the cross section,we must in-

BASES has the following facilities which are use- tegrate the cross section at several energy
ful to integratea singularfunction.

points.The loop option is designedfor sucha
(1) WatchingremainingCPU time in ajob

case.
Whenwe integratea newfunction,we do not To usethe ioop option,
know how muchCPU time it needs.If ajob is (a) change USERIN: Insert the following
terminatedby the CPU limit, no information

statementsinto the list of appendixB:
can be obtainedfrom the job. This is just a
wasteof CPU resource,To avoid this occur- COMMON/LOOPO/LOOP

rence, BASES watches the remaining CPU REAL * 8 wCM(6)
time in the job and if it is too short for the DATA WCM/40.o,60.0, 70.0, 105.0,150.0,
next iteration, all temporary information is

260.0/savedon disc. By using this information on
disc, the next job can continue further the IF(LOOP.LE.0.OR.LOOP.GT.6)STOP
integration. W = WCM(LOOP)

(2) Histogrammingpackage
BASES has histogrammingfacilities in itself, (b) changethe loop parametersandprint flag

of the input parametersin JCL as follows:
which allows the user to draw 10 histograms
and10 scatterplots in maximum.The mtegra- 1, 6 Currentloopcount,Max. loopcount
tion variablesshouldbe carefully chosenso as 1 Print flag
to convergethe integrationfaster. Normally, 0 Input JobFlag
phyical variables can be transformedto rele-

10.0 CPU timein minutesvant integration variablesby an appropriate
one-to-onemapping.It may happenthat the (c) submitjob: If thejob is terminateddueto
mapping is not unique, i.e., an integration lack of CPU time, the nextloop count and
variablecorrespondsto two or more fold val- input flag are given at the endof the job
ues of a physical variable.When we want to (see section4.3.2). When the next job is
takea histogramwith respectto sucha physi- submittedwith theseflags, the integration
cal variable,specialcareshouldbe taken. For can be continued.As the print flag is 1



136 S. Kawabata / A new MonteCarlo eventgenerator

Table2 I Start I
Definition of the print flag

I To initialize, CALL USERIN I
Print flag What is printed out?

0 nothing I Read Prob. Dist. from disk file I
I only the final result of the integration
2 final result and histograms at the end of the accu- To initialize additional

mulation step histograms, CALL SPINIT

3 convergencebehaviorand histogramsonly for the
accumulationstep

Choose a hypercube according < +4 convergence behavior both for the grid def. and to Prob. dist. and set NTRY=0

accum. steps and histograms for the accumulation I
step F’TIRY = NTRY + I < +

~ 5 all I Choose a point in the hypercube I

Calculate Probability F

here, the only final results are given as a at the point by function routine

table. The meaning of the print flag is Yes ___________ ________

givenin table2. + < F/Fmax > Random number? >

(4) Scatterplots ~- No

By taking scatter plots in various combina- < NTRY > Max. trial number ? > +

tions of variables,we caneasily seehow singu- Yes +--> +

lar pointsdistributein eachtwo variableplane. To fill additional histograms.

It shouldbe noted that if singularpoints dis- ÷—->-- to compute four-vectors and
output them into a file,tribute along a diagonal line on this plane, the CALl. ~PE~NT

integrationwill convergevery slowly or will not
converge.This is attributedto the integration < Check CPU time & No. of events>- +

algorithm. If this happens,the integration
variables should be changed to avoid such
situation.

Fig. 3. Flow of the eventgenerationjob.

5. Programpackage SPRING can use not only the internal histogrampackage
XH * * * * andDH * * * * but also any ex-

5.1. Flow of the generationjob ternalhistogrampackageslike HANDYPACK and
HBOOK.

Fig. 3 showsthe flow of the generationjob. To The eventgenerationloop proceedsin the fol-
initialize parametersnecessaryfor calculatingthe lowing steps:
function, the routine USERIN is called at the (1) A hypercubeis chosenby uniform random
beginning of thejob, which shouldbe exactly the number accordingto the probability distribu-
sameroutine as usedin BASES,andafter that the tion.
routine BSREAD is called to read the resultsof (2) A point in a sub-hypercubein the hypercube
BASES. The resultsof BASES includealso histo- is sampledwith the densityp1.
gram data. We call thosehistograms,which are (3) Probability F(x1 xN) is calculatedat the
createdat BASES program, the “original histo- point and its value is comparedwith Fmax=
gram”. max[F(x , xN)l of the hypercube.

If theuserwantsto haveadditional histograms (4) If F/Fmax is greaterthan or equal to a uni-
in this job, oneshould definethem in the routine form randomnumber,this trial is acceptedas a
SPINIT. To makeadditional histograms,the user generatingevent.Theroutine SPEVNTis called
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to handlethe acceptedevent,which is prepared (1). Otherwisethis job is terminatedafter cal-
by the user. The SPEVNTcalculatesthe four ling SPTERM.
momentumvector (VECTOR(i)) of generated If additional histogramswere definedby using
particles from kinematical variables and out- anexternalhistogrampackage,its printout routine
puts them into a file. If additional histograms shouldbe calledin the SPTERM.
are required, they are filled in this routine.
After call of SPEVNT, go to step(6). 5.2. Program structureand its components

(5) If thenumberof trials is less than the number
definedby the usermain program, go to step Program structureof the generationpackage
(2). SPRINGis shownin fig. 4. The programcompo-

(6) If the residualCPU time is enoughfor next nentsof SPRING,which concernusers,are briefly
eventgenerationand the numberof generated describedin the following. The othercomponents
eventsis less than the requiredone, then go to are listed in appendixF. The routines marked

by * * should be preparedby the user. Several
routines listed below are identical to those in

*9*99*9* section4.2.
* MAIN +

MAIN ROUTINE **

SPMAIN Themain routineis usedfor SPRINGto know the

BSTTME nameof the user function and the number of
CUXK maximum trials for oneeventgeneration,which is

*9*9*9*9*99*9*9*9*

USERIN * preparedby user.An exampleis shownin appen-
* I~XHINIT * dix D.
* +--- DHINIT *

* *9 ***99* 9* *9*9*9*

SUBROUTINE SPMAIN (FUNC, MXTRY)
Purpose:To control the flow of programpackage

SPRING.

11 ~ FUNC =: Nameof the userfunction.
SHRSET MXTRY =: Maximum number of trials for one
SPRING

DRN eventgeneration.
* 9* *9* ** *9*** ‘I.9*9

~ ~ SUBROUTINE USERIN **

* +--- DHFILL * Purpose:To initialize parametersfor userfunction

andto definethe original histograms.
XHFILL Comment: This routine must be identical with

that usedin BASES.

—- SHCL SUBROUTINE SPINIT **

÷—--- XFIRNGE Purpose:To initialize additional histograms.
XHORDR Comment: If internal histogrampackageis used,

+111 ~ ID numberof thesehistogramsshouldnot be

XHRNGE duplicatedwith the original histograms.An ex-
XHORDR ample is shown in appendixE. If an external

DI~’t.0T histogrampackageis used,its library file should
beincluded in JCL

+---* SP~ERM*

Fig. 4. Programstructureof SPRING.Theroutinesmarkedby FUNCTION DRN (Q)
* areto be preparedby user. Seesection4.2.
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FUNCTION FUNC (X) ** dung routine SPEVNT and termination routine
Seesection4.2. SPTERM.

JCL on the FACOM machineandan example
SUBROUTINE XHINIT (ID, XMIN, XMAX, of the main routine are given in appendixD. In

NBIN, TITLE) thismain routinethe maximum trials of oneevent
Purpose:To initialize an additional histogramby generationis set to be 50. In our example, four

usingthe internalhistogrampackage. momentumvectorsof generatedeventsarewritten
Comment: For each additional histogram, this into a file named@NUPAIR.EVENT.DATA.

routine should be called in SPINIT. Descrip- The routineUSERIN and function are already
tion of the argumentsis given in section4.2. preparedfor BASES andtheymustnotbechanged

from thoseused in BASES. Sincewe requiredan
SUBROUTINE DHINIT (ID, XMIN, XMAX, additionalhistogramof the photontransverseen-

NXBINM, YMIN, YMAX, NYBIN, TITLE) ergy, it is necessaryto prepareSPINIT and
Purpose:To initialize an additional scatterplot by SPEVNT.Examplesof SPINIT andSPEVNTare

usingthe internalscatterplot package. shown in appendix E. In this SPEVNT four
Comment: For each additional scatter plot, this momentum vector of the generatedphoton is

routine should be called in SPINIT. Descrip- calculated, becausethe function is given by the
tion of the argumentsis givenin section4.2. formula which is alreadyintegratedoverneutrino’s

phasespace. Since we do not use any external
SUBROUTINE XHFILL (ID, X, FX) histogrampackage,the routineSPTERMis just a
Purpose:To fill the IDth histogram. dummy.
Comment: For each additional histogram, this

routine shouldbe calledin SPEVNT. Descrip- 5.3.2. Outputfrom SPRING
tion of the argumentsis given in section4.2. Output from the SPRINGis as follows:

SUBROUTINE DHFILL (ID, X, Y, FX) (1) Numberof generatedevents
Purpose:To fill the IDth scatterplot.
Comment: For each additional scatter plot, this * * * * * * * * * * * * * *

routine shouldbe calledin SPEVNT. Descrip- * *

lion of the argumentsis given in section4.2. * END OF SPRING *

* No. of Generatedevents *

SUBROUTINE SPEVNT ** * 100000 *

Purpose:To calculatefour momentumvectorsof * Net CPU timefor generation *

generatedparticlesin the eventandwrite them * 12.507seconds *

into a file. If additional histogramsor scatter * *

plots are required,the filling routinesshouldbe * GOtime *

calledhere. * 22.077seconds *

* *

SUBROUTINESPTERM** * * * * * * * * * * * * * *

Purpose: To terminate an external histogram
package. The net CPU time indicatesthe usedCPU time

only for the generation,which doesnot include,
5.3. Use of SPRING for instance,that for filling andprinting histo-

grams.
5.3.1. Preparationfor SPRING (2) Original histogramsdefinedin BASES

Before usingSPRING the usershouldprepare Our examplecontainstwo original histograms.
JCL, main program, initialization routines Oneof them is shownin the testrun output. In
USERIN and SPINIT, user function, eventhan- thesehistogramsthe distribution of generated
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eventsare indicatedby “0” on thehistogramof number of unsuccessfultrials (overflow bin) is
BASESresult, large, the generationefficiency is very low. In the

(3) Additional histogramsfrom the internalhisto- latter case, the grid sizes of subregionswere not
grampackage well optimizedat the grid defining stepof BASES.
We requiredonly one additional histogramin To improve the efficiency, it is recommendedto
this example,which is shown also in the test submit BASES from the beginning with a larger
run output numberof NTRIAL or ITMX1, or with the smaller

(4) original andadditionalscatterplots valueof ACC1,
The output format for the original and ad-
ditional histogramsis identical to that in sec-
tion 4.3.2, Acknowledgements

(5) Additional histogramsand scatterplots from
an externalhistogrampackage The primitive version of these packageshas
If an externalhistogrampackageis used,their beendevelopedat DESY, Hamburgby theauthor.
output is printed at this step. We thank the F22 groupand the computercenter

(6) Frequencydistribution of trials at DESY for their hospitality.We also thank Prof.
A histogramof numberof eventsversusnum- Y. Shimizu at KEK for his valuablecomments.
ber of trials to get an eventis obtained, Most of theroutinesin the appendicesweregiven

by him and Mr. J. Fujimoto. Finally, we wish to

If the frequencydistribution has a sharppeak thank ProfessorsH. Yoshiki, S. Iwata, T. Nozaki
at the first bin, the generationefficiency is very and Y. Oyanagi for reading the manuscriptand
high. On the contrary, if it is very broadand the usefuldiscussion.

AppendixA. Example of JCL and MAIN program for BASES on FACOM machine at KEK

// JOB-ID JOB CLASS = S
// EXEC FORT7CLG,
// PARM.FORT = ‘OPT(3), 5, GOSTMT, NONUM’,
// PARM.LKED =‘NOMAP, NOLIST’

// FORT,SYSIN DD DSN = User-ID. NUPAIR.FORT(MAINB), DISP = SHR
// DD = DSN = User-ID. NUPAIR.FORT(USERIN), DISP = SHR
// DD DSN = User-ID. NUPAIR.FORT(USROUT), DISP = SHR
// DD DSN = User-ID. NUPAIR.FORT(FUNC), DISP = SHR

// LKED.SYSLIB DD
// DD DSN = User-ID. BASES.LOAD,DISP = SHR

// GO.SYSIN DD *

1, 1 Current loop count,Max. loop count
5 Print Flag
0 Input Flag
1.0 CPU time limit in minutes

// *

// GO.FT23FOO1 DD DSN = User-ID.@BASES.DATA,DISP = (NEW,CATLG),
// SPACE = (TRK,(lO,2),RLSE)

If the dataset @BASES.DATAexistsalready,the lastDD statementshouldbe replacedby the following
one:
//GO.FT23FOO1DD DSN = User-ID.@BASES.DATA,DISP= SHR
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List of main programMAINB:

EXTERNAL FUNC

CALL BSMAIN (FUNC)

STOP
END

Appendix B. Example of the USERIN subprogram

SUBROUTINE USERIN

IMPLICIT REAL * 8 (A-H, O-Z)
COMMON/BASE1/ XL(10),XU(10),NDIM,NOCUB,NTRIAL
COMMON/BASE2/ ACC1,ACC2,ITMX1,ITMX2

COMMON/KINEM/ W,EM,ZM,ZGAM,CZ,CV,CA,FACTOR,XK, COSTH
DATA P1/3.1415926D0/,ALP/i 37.036D0/
DATA GEVNB/ 0.38927D6/,GENER/ 3.0/

W =105.0
EM =0.5llE—3
ZM = 90.0
WM =78.97
ZGAM =2.6
ALPHA= 1./ALP
RAD =P1/180.0

SQ =SQRT(ZM * * 2-WM * * 2)
CZ =ZM * * 2/(2. * WM * SQ)
CA =0.5 * CZ
CV =2.*CA*(—0.5+2.*SQ* *2/ZM* *2)

FACTOR = GENER * CZ * * 2* ALPHA * * 3/12. * GEVNB

Initialize BASESparameters

COSMIN = 15.0
COSMAX = 180.-COSMIN
XKMIN = 1./W
XL(1) = XKMIN
XU(1) = 0.5 * W
XL(2) = DCOS(COSMAX* RAD)
XU(2) = DCOS(COSMIN* RAD)
NDIM =2
NTRIAL =5
ITMX2 =50
ACC2 = 0.05
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C Initialize Histograms

CALL XHINIT (1, XL(1),XU(1),40, ‘PHOTON ENERGY’)
CALL XHINIT (2, XL(2),XU(2),50, ‘COS(THETA) of PHOTON’)
CALL DHINIT (1, XL(1),XU(1),50, XL(2),XU(2),50,

‘PLOT FOR PHOTON ENERGY - COS(THETA) OFPHOTON’)

RETURN
END

Appendix C. Exampleof the userfunction program

REAL FUNCTION FUNC * 8(X)

IMPLICIT REAL * 8(A-H, O-Z)
DIMENSION X(1O)
COMMON/KINEM/W,EM,ZM,ZGAM,
CZ,CV,CA,FACTOR,XK,COSTH

REZ(S) = S—ZM * * 2
Z2(S) = (REZ(S)) * * 2 + (ZM * ZGAM) * * 2
FUNC =0.
XK =X(1)
S =W*W
Si =W*(W_2. *XK)
E =W/2.
PP = SQRT(E * * 2-EM * * 2) COSTH= X(2)
Dl =XK*(E+PP*COSTH)
D2 = XK * (E-PP * COSTH)

C MATRIX ELEMENT SQUARE STARTS
ANSi =(S * * 2 * CA * * 2+S * * 2 * CV * * 2—2. * S * W * XK * CA * * 2—2. * S *

•W*XK*CV* *2—3.*5*CA* *2*EM* *2—3. *S*CV* *2*EM* *2+2. *

.W*XK*CA* *2*EM* *2+2*W*XK*CV* *2*EM* *2)/D1+S1 *(—S*
• *2*CA* *2—S* *2*CV* *2-~-lO.*5*CA*~2*EM~ *2—2. *5*CV* *2
.*EM**216*CA**2*EM**4+8*Cv**2*EM**4)/(2*D1*

•D2)+(—S* *3*CA* *2—S* *3*CV* *2+2.* 5* *2+W*XK*CA* *2+2.

•*S**2*W*XK*CV**2+2.*5**2+CA**2*EM**2+2*5*~2*Cy

*D1 * D2)—(D2*S1 * EM* *2)*(CA* *2+CV* *2)/Di * * 2+D2* EM* *2*

•(—s*CA* *2—5*CV* *2+2.*W*XK*A~ *2+2.*W*XK*CV* *2)/Di *

• *2+Sl *EM* *2*(5*CA* *2+S*CV* *2—8. *CA* *2*EM* *2+4.*CV
• * * 2+EM * * 2)/(2. * Dl * * 2)+S * EM * * 2 * (S * CA * * 2+S * CV * * 2—2. * W
.*XK*CA**2_2*W*XK*CV**2)/(2*Dl**2)

TAU=—(Dl *5l)*(CA* *2+CV* *2)/D2+Dl *(—S*CA* *2—5*CV* *2+2.
• * W * XK * CA* *2+2. * W * XK * CV* * 2+2. * CA* *2 * EM* *2-4-2. * CV* *

•2*EM* *2)/D2—(Dl *S1 *EM* *2)*(CA* *2+CV* *2)/D2* *2+Dl * EM*
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• *2*(—5*CA* *2—5*CV* *2+2.*W*XK*CA* *2+2.*W*XK*CV* *

•2)/D2* *2+4. *EM* *2*(CA* *2+CV* * 2)+Sl *(5*CA* *2+S* CV* *

.2—3. * CA * * 2 * EM * * 2—3. * CV * * 2 * EM * * 2)/D2+(S * * 2 * CA * * 2+S *

• *2*CV* *2—2.*S*W*XK*CA* *2—2.*5*W*XK*CV* *2—3.*S*CA
.**2*EM**2—3.*5*CV**2*EM**2+2.*W*XK*CA**2*EM**
•2+2. *W*XK*CV* *2*EM* *2)/D2+5i *EM* *2*(5*CA* *2+5*CV*
• * 2—8. * Ca**2* EM**2+4. * CV**2* EM**2)/(2. * D2**2)+S* EM* *2
• * (5 * CA* *2+S * CV* *2—2. * W * XK * CA* *2—2. * W*XK*CV* *2)/(2.*
•D2* *2)—(D2* Sl)*(CA* *2+CV* * 2)/Dl+D2*(—S* CA* *2—S* CV* *

.2+2. *W*XK*CA* *2+2. *W*XK*CV* *2+2. *CA* *2* EM* * 2+2. *

.CV**2*EM**2)/Dl+Si*(S*CA**2+S*CV**2—3.*CA**2*EM**
• 2— 3. * CV * * 2 * EM * * 2)/Di + ANSi

DSDX = -FACTOR * TAU * XK/(E *Z2(Sl))
FUNC = DSDX/E
CALL XHFILL(1,XK,DSDX)
CALL XHFILL(2,COSTH,DSDX)
CALL DHFILL(1,XK,COSTH,DSDX)

RETURN
END

Appendix D. Example of JCL and MAIN program for SPRING on FACOM machine at KEK

// JOB-ID JOBCLASS = S
// EXEC FORT7CLG,
// PARM.FORT= ‘OPT(3),S,GOSTMT,NONUM’,
// PARM.LKED =‘NOMAP,NOLIST’
// FORT.SYSIN DD DSN = User-ID. NUPAIR.FORT(MAINS),DISP= SHR
// DD DSN = User-ID. NUPAIR.FORT(USERIN),DISP= SHR
// DD DSN = User-ID. NUPAIR.FORT(FUNC),DISP= SHR
// DD DSN = User-ID. NUPAIR.FORT(SPINIT),DISP= SHR
// DD DSN = User-ID. NUPAIR.FORT(SPEVNT,DISP= SHR
// DD DSN = User-ID. NUPAIR.FORT(SPTERM),DISP= SHR
// LKED.SYSLIB DD
// DD DSN = User-ID. BASES.LOAD,DISP SHR

// GO.SYSIN DD *

100000 Numberof generatingevents
1.0 CPU time limit in minutes

// *

// GO.FT23FOO1DD DSN = User-ID. @BASES.DATA,DISP= SHR
// GO.FT2OFOO1DD DSN = User-ID.@NUPAIR.EVENT.DATA,DISP= SHR

List of main programMAINS:

EXTERNAL FUNC
MXTRY =50
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CALL SPMAIN(FUNC, MXTRY)

STOP
END

Appendix E. Example of SPINIT and SPEVNT

SUBROUTINE SPINIT

CALL XHINIT(5, 0.0, 4.OD1, 40,
‘PHOTON TRANSVERSEENERGY’)

RETURN
END

SUBROUTINE SPEVNT

IMPLICIT REAL * 8 (A-H, O-Z)
REAL * 4 VECTOR(4)
COMMON/KINEM/W,EM,ZM,ZGAM,CZ, CV,CA,FACTOR,XK,COSTH
DATA TWOPI, ONE/ 6.2831853D0,1.0/

PHI =TWOPI * DRN(IDUM)
SINPH = SIN(PHI)
COSPH = COS(PHI)
VXY =XK * SQRT(i.0-COSTH* COSTH)
VECTOR(l) =VXY * COSPH
VECTOR(2) =VXY * SINPH
VECTOR(3) = XK * COSTH
VECTOR(4) = XK

WRITE(20) VECTOR

CALL XHFILL(5, VXY, ONE)

RETURN
END

Appendix F. Descriptions of program components TIME =: UsedCPU time in second.
and labelled commonsof BASES and SPRING IFLG =: Input flag. If IFLG = 0, initialize clock

routine,otherwisereturnthe used time.
SUBROUTINE BSTIME (TIME,IFLG)
Purpose:Interfaceroutine to get usedCPU time SUBROUTINE BSUSRI

from FORTRAN Library routineCLOCK, etc. Purpose:To check the BASES parametersgiven
Comment: We use FORTRAN library routine by USERIN.

CLOCK for this purpose.This routine should Comment:In this routineUSERINis called.(Used
be replacedby a relevantroutine in othersys- by BASES.)
tern. (Usedby BASES andSPRING.)



144 S. Kawabata / A new Monte Carlo eventgenerator

SUBROUTINE BSREAD Comment:This routineis usedonly for useof the
Purpose:To readparametersfor BASES andtern- loop option.

porary results of the previousjob from unit
number23. SUBROUTINE BHRSET

Comment: This routine is called after USERIN Purpose:To resetdataof the histogramand plot.
when IFLAG>0. (Used by BASES and Comment:This routine is used only oncebefore
SPRING.) starting the accumulation step. (Used by

BASES.)
SUBROUTINE BASES (FXN)
Purpose:To integratethe userfunction FXN and SUBROUTINEBHUPDT (WGHT)

to control the integration. Purpose: To update the contentsof histograms
FXN =: Userfunctionname. andplots.

Comment: The routinesXHFILL and DHFILL
SUBROUTINE BSINIT identify the bin to be updated. This routine
Purpose:To initialize BASES program only for updatesthe contentof the bin with the weight

the caseof IFLAG=0. of F * WGHT. (Usedby BASES.)
Comment: In this routine, the numbersof hyper- WGHT=: Inverseof the probability for selecting

cubes and small-hypercubesare defined and the sub-hypercube.
the uniform grid for them is assumed.(Usedby
BASES.) SUBROUTINEBHPLOT

Purpose:Interfaceroutine to print histogramsand
FUNCTION DRN (IQ) scatter plots, where routines XHPLOT and
Purpose:To get doubleprecisionuniform random DHPLOT are called. (Usedby BASES.)

number.
IQ=: Dummy argument. SUBROUTINE SPRING (FXN, MXTRY,

NTRY)

SUBROUTINE DRNSET(Xl, X2) Purpose:To generatethe event(SPRING).
Purpose:To set seedsof randomnumber. FXN =: Nameof the userfunction.
Xl, X2 =: Seedsof randomnumber. MXTRY =: Maximum number of trials defined

by main routine.
SUBROUTINE DRNSAV (Xl, X2) NTRY=: Number of trials for generating the
Purpose:To get currentseedsof randomnumber. currentevent.
Xl, X2 =: Seedsof randomnumber.

SUBROUTINE SHRSET
SUBROUTINE BSGDEF Purpose:To resetthe dataof histogramsandplots
Purpose:To adjust the grid for the next iteration Comment:This routine is calledonly oncebefore

accordingto the current distribution obtained starting the eventgeneration(SPRING).
by the previousiteration.

Comment: This routine is calledonly in the grid SUBROUTINE SHCLER
defining step.(Usedby BASES.) Purpose:To cancelthe updateof histogramsand

plots in casewherethe trial wasnot acceptedas
SUBROUTINE BSWRIT an event.
Purpose: To write parametersfor BASES and Comment: This routine is called prior to call

temporaryresultsontoa file of unit number23. SHUPDT, whenthe trial is rejected.(Usedby
Comment: This routine is always called before SPRING).

terminatingthejob. (Usedby BASES.)

SUBROUTINESHUPDT
SUBROUTINE BHINIT Purpose: To update the contentsof histograms
Purpose:To resetthe histogramand the plot, andplots.



S. Kawabata/ A new Monte Carlo eventgenerator 145

Comment: The routines XHFLL and DHFILL SI,S12,SWGT,SCHI= Parameters by which
identify the bin to be updated. This routine cumulativeestimateof the integrationis calcu-
updatethe contentof the bin with unit weight lated.
(SPRING). SCALLS =: Total numberof samplingpoints.

ATACC =: Accuracy of the previousiteration.
SUBROUTINE SHPLOT NSU=: Number of iterations whose accuracies
Purpose: To print histogramsand scatter plots are within 5% of ATACC.

defined by XHINIT and DHINIT, respec- IT=: Current iterationnumber.
tively.

Comment:For a histogram,thereare two typesof COMMON/BASE4/xI(so, lO),DX(lO),
outputs,oneis for the original histogramand XD(17000),DXP(l7000),ND,NG,NPG,MA(lO)
the other is for the additional one. For the XI(50, 10)=: Sampling intervals of sub-regions
original histogram, the generatedevents is along eachvariableaxis.
shown with “0” mark on the histogram of DX(10) =: Differencesbetweenthe lower andup-
BASES result to make comparisoneasy. For per limits of the integrationfor each~variable.
theadditional histograms,the generatedresults DXD(i)=: Storageareafor averageprobabilities.
areshownbothin linearandlogarithmicscales. DXP(i) =: Storageareafor maximum probabili-
(SPRING). ties.

ND =: Numberof subregions.
SUBROUTINE XHPLOT (IFLG, ID) NG=: Numberof regions.
Purpose:To print histogramsdefinedby XHINIT. MA(10)=: Parametersby which mappingbetwen

(Usedby BASES SPRING.) hypercubes and addressesof storage area
IFLG=: Flagwhich indicateswhetherit is called DXD(i) and DXP(i) is done.

by BASESor SPRING.
ID =: HistogramID number.

COMMON/BASE5/TIME(lOO),EFF(l00),

SUBROUTINE DHPLOT WRONG(100),RESLT(lOO),ACST(100),
Purpose: To print scatter plots defined by TRSLT(100),TSTD(l00),PCNT(l00)

DHINIT. (Usedby BASESSPRING.) Labelled common /BASE5/ is for saving the
convergencebehaviorfrom the beginningof the

COMMON/BASED/SETIME,UTIME, step eithergrid defining or accumulation.
IFLAG,NPRINT TIME(i): Used CPU time up to the ith itera-

SETIME=: CPU time set by user, convertedinto tiOn.
secondunit. EFF(i) =: Efficiency (= numberof pointsusedfor

UTIME =: UsedCPU time in second. estimate/total samplingpoints) for i th itera-
IFLAG =: Job input flag describedin section4.1. tion in percentage.
NPRINT=: Print flag. WRONG(i) =~ Percentageof gettingnegativein-

tegrandfunction.

COMMON/BASE1/XL(lO),XU(10),NDIM, RESLT(i) =: Cumulativeresult of the integration
NOCUB,NTRIAL at the ith iteration.

Descriptionof parametersis given in section4.2. ACST(i) =: Accuracy of the cumulativeresult.
TRSLT(E) =: Resultonly from the ith iteration.

COMMON/BASE2/ACC1,ACC2,ITMX1, TSTD(i)=: Accuracyof TRSLT(i).
ITMX2 PCNT(i) =: Accuracyof the cumulativeresult in

Descriptionof parametersis given in section4.2. percentage.

COMMON/BASE3/SI,S12,SWGT,SCHI, COMMON/BASE6/D(50,10)
SCALLS,ATACC,NSU,IT D(50, 10) Distribution of FUNC * * 2, pro-
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jectedalong eachvariable axis, by which new MHIST =: Numberof scatterplots defined.
subregionsizes are determinedin BSGDEF. MAPD( 1) =: Correspondencetablebetweenserial

number i and scatter plot ID number, i.e.,
COMMON/RANDOM/X1,X2 ID = MAPD(i).
Xl,X2 =: Randomnumberseeds.

COMMON /PLOT2/ XLMAX(l0),
COMMON/BSRSLT/AVGI,SD,CHI2A,STIME, XLMIN(l0),NOBIN(l0),DLS(10)

ITF XLMAX(i) =: Upperlimit for the ith histogram.
Labelledcommon/BSRSLT/ is preparedfor giv- XLMIN(i) =: Lower limit for the ith histogram.

ing the result to user’sroutine USROUT. This NOBIN(i) =: Numberof bins for the ith histo-
routine is calledat the endof theaccumulation gram.
step only if the print flag is setequal to zero. DLS(i) =: Size of onebin of the ith histogram.

AVGI =: Final result of the integration.
SD=: Standarddeviation. COMMON /PLOT3/ NPNT(10),
CHI2A =: Chi-squareper iteration. NXPNT(52, lO),XLS(52, 10)
STIME =: Used CPU time. NPNT(i) =: Numberof total samplingpoints for
ITF =: Numberof iterationsperformed. the i th histogram.

NXPNT(j, i) =: Numberof samplingpoints for
COMMON/LOOPO/LOOPC the jth bin for the ith histogram.

Labelled common /LOOPO/ is preparedfor XLS(j, i) =: Distributionof the ith histogram.
giving the current ioop number to the routine
USERIN. COMMON /PLOT4/ XDMAX(lO),XDMIN(lO),
LOOPC =: Currentioop number. MXBIN(lO),DXS(l0),YDMAX(l0),YDMIN(10),

MYBIN(10),DYS(lO)
COMMON /LOOP1/ LOOP,MXLOOP XDMAX(i) =: Upperlimit of X for the ith scatter

Labelledcommon /LOOP1/ is for saving the plot.
current and the maximumioop numbersin disk XDMMIN(i) =: Lower limit of X for the ith
file. The reason why we have two commons scatterplot.
/LOOPO/ and/LOOP1/ for the loop countis to YDMAX(i) =: Upperlimit of Y for the ith scatter
protectMXLOOP from accidentalchangeby user. plot.
LOOP =: Currentioop number. YDMIN(i) =: Lower limit of Y for the ith scatter
MXLOOP =: Maximum ioop number, plot.

MXBIN(i) =: Number of bins of X for the ith
CHARACTER *64 TEXT,TITL scatterplot.
COMMON /PLOTO/ TEXT(l0),TITL(lO) MYBIN(i) =: Number of bins of Y for the ith
TEXT(i) =: Title of the i th histogram. scatterplot.
TITL(i) =: Title of the ith scatterplot. DXS(i) =: Size of X bin of the ith scatterplot.

DYS(i) =: Size of Y bin of the ith scatterplot.
COMMON /PLOT1/ NHIST,
MAPP(l0),IFBASE(10),MHIST,MAPD(l0) COMMON /PLOT5/ MPNT(10),
NHIST =: Numberof histogramsdefined. XYDST(50, 50, 10)
MAPP(1) =: Correspondencetablebetweenserial MPNT( i) =: Numberof samplingpoints for the

number i andhistogramID number,i.e., ID = ith scatterplot.
MAPP(i). XYDST(k, j, i) =~ Distribution of the ith scatter

IFBASE(i) =: Flag which indicates whether the plots.
ith histogramis definedfor BASESor not. If it
is defined in BASES, a special histogram is COMMON /PLOT6/ NOX(l0),NTAG(5, 10),
obtained for comparisonbetweenBASES and XFX(5, lO),NOD(l0),MXTAG(5, lO),MYTAG-
SPRINGat theendof SPRING. (5, 10),DFX(5,10)
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NOX(i) =: Flag which indicateswhether the ith MYTAG(J, i) =: Thebin numberof Y, which is
histogramis to be filled. If NOX(i) is zero,no to beupdatedby the weight DFX(J, i), of the
XHFILL wascalled.If NOX(i) is positiveand ith plot.
less than 6, XHFILL wascalledNOX(i) times. DFX(J, i) =: The weight of the jth calls of

NTAG(J, i) =: The bin number, which is to be DHFILL for the ith histogram.
updatedby the weight XFX(j, i), of the ith
histogram.

XFX(J, i) =: The weight of the jth calls of References
XHFILL for the ith histogram.

NOD(i) =: Flagwhich indicateswhether the ith [1] G.P. Lepage, J. Comput. Phys. 27 (1978) 192; VEGAS

plot is to be filled. If NOD(i) is zero, no Adaptive Multi-dimensional Integration Program,CLNS-
80/447 (March 1980).

DHFILL wascalled. If NOD(i) is positive and [2] G. Barbiellini, B. RichterandJ.L. Siegrist,Phys.Lett. 106B

less than6, DHFILL wascalledNOD(i) times. (1981)414.

MXTAG(J, i) =: The bin numberof X, which is
to beupdatedby the weight DFX(j, i), of the
ith plot.
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Scat_Plot (ID = 1 ) for PLOT FOR PHOTON ENERGY (6EV) — COS(THETA) OF PHOTON
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